variate models included age, sex, duration of dialysis and diabetes. Results: A total of 552 patients under hemodialysis participated in the study, with a late referral prevalence of 34.2% (189/552). The estimated mean MH score was 60.7 (95% confidence interval (CI) 57.5-63.8) and 65.6 (95% CI 63.2-68.1) in late and early referrals, respectively. A statistically significant difference in mean MH score of 4.9 was observed between late and early referral groups (p = 0.01). The mean MH score for late referral was significantly lower than that for early referral in the 6-12 and 12-18 month groups. Conclusions: Pre-dialysis early referral is a modifiable and important factor and is associated with improved MH of post-dialysis patients. 
Background
Compared to 2004, the number of individuals undergoing dialysis by the end of 2005, which was measured based on survey results from dialysis facilities, increased by 9,599 to 257,765 patients (3.87%) [1] , with Japan showing the highest prevalence of end-stage renal disease (ESRD) in the world. A report by Lysaght [2] estimates that by 2010, more than 2 million patients will be under dialysis in the world, with approximately 0.3 million in Japan. Studies based on several community-based screening programs suggest that chronic kidney disease (CKD), an emerging public health problem, has a higher prevalence in Japan than any other country [2] . Observational studies and their meta-analysis have shown that late referral of patients with CKD to nephrologists is associated with poor clinical outcomes, which suggests that longer pre-dialysis care by nephrologists reduces hospitalization and mortality rates [3] [4] [5] [6] .
In contrast, with early referral to a nephrologist, adequate physical, social, and psychological preparation for dialysis is possible [7] . Early referral to a nephrologist has been associated with a number of desirable outcomes, namely longer dialysis-free time periods [8] , enhanced employment opportunities [9] , better patient education [10, 11] , greater participation in the selection of dialysis modality [10, 11] , as well as better clinical outcomes [6] . Many stressors challenge patients with renal disease, including loss of biochemical and physiologic kidney functions, inability to function in the family and to maintain one's occupation, decreased mobility, decreased physical and cognitive competence, and loss of sexual function [12] [13] [14] [15] .
We hypothesized that if these stressors could be reduced by adequate physical, social, and psychological preparation, early referral may be associated with improved patient mental health (MH) after dialysis initiation. Further, MH has been recognized as an important outcome measure in dialysis therapy [16, 17] . Several studies have suggested that depression is independently associated with higher risks of mortality and hospitalization among hemodialysis patients [16, 18] . Few studies, however, have investigated the effect of early referral on patient MH in the first few months of treatment [19, 20] . In addition to survival, objective treatment of ESRD patients under hemodialysis also involves rehabilitation, with assessment of patients' quality of life (QoL) considered an important aspect of therapy. Here, we investigated the association between attendance at a pre-dialysis clinic and improvement in MH scores, which were measured in hemodialysis patients within the first 2 years of dialysis initiation.
Methods

Study Design and Subjects
A sample composed of 552 hemodialysis patients having completed a questionnaire in the Japan Dialysis Outcomes and Practice Patterns Study (DOPPS) I (1999-2001) , an international cohort study of practice patterns and outcomes among hemodialysis patients [21, 22] , was used for the study. Of the 3,358 registered dialysis facilities in Japan (00/12/31), 64 nationally representative facilities were recruited for the study. Patients who had experienced acute kidney injury were not included in DOPPS [22] .
In each facility, an institutional review board approved the DOPPS when required. Informed patient consent was obtained in accordance with requirements from each country, review board, and dialysis center. Data collection was performed while maintaining patient anonymity at the coordinating center.
Study Population
Information was collected from 2,770 dialysis patients of the Japan DOPPS I at the time of enrollment. Of these, only Japanese patients who began dialysis less than 24 months before enrollment and received at least one day of follow-up were included for analysis (n = 880). Limiting the study to incident patients enabled the assessment of the effects of late referral on MH score immediately after dialysis initiation. Demographic characteristics, medical history, pre-dialysis medical care, and laboratory data collected during study enrollment were used for analysis.
Outcomes
Outcome was measured using the MH subscale of the Medical Outcomes Study Short-Form Health Survey (MOS SF-36), a fiveitem scale whose development and validation have been described elsewhere [17, 23] . The MH scale contained the following questions: How much time during the last month have you: (i) been a very nervous person?; (ii) felt downhearted and blue?; (iii) felt calm and peaceful?; (iv) felt so down in the dumps that nothing could cheer you up?; and (v) been a happy person? For each question, the subjects were asked to choose one of the following responses: all of the time (1 point), most of the time (2 points), a good bit of the time (3 points), some of the time (4 points), a little of the time (5 points), or none of the time (6 points). Scoring of items (iii) and (v) were reversed as they inquire about positive feelings. Answers for each question were scored as Likert scales. Responses scores were summed to produce a score scale ranging from 0 to 100, with higher scores representing higher mental health.
Late Referral to Nephrologist
Patients were considered 'early referrals' when followed by a nephrologist for more than 4 months before their first dialysis, and 'late referrals' when not followed for more than that time or not having visited a nephrologist before first dialysis.
In DOPPS, early and late referrals were determined by asking patients about the time at which medical attention was received by a kidney specialist (nephrologist) prior to starting regular dialysis. The subjects were asked to choose one of the following responses: (1) more than 2 years prior to starting dialysis, (2) between 1 year and 2 years before starting dialysis, (3) between 4 months and 1 year before starting dialysis, (4) between 1 and 4 months before starting dialysis, (5) between 1 and 4 weeks before c193 starting dialysis, (6) less than 1 week before starting dialysis or not at all, (7) not sure. In addition, patients were asked the approximate number of visits to a kidney specialist (nephrologist) in the year prior to initial dialysis. The subjects were asked to choose one of the following responses: (1) 5 or more visits, (2) 2-4 visits, (3) 1 visit, (4) no visits, (5) not sure.
Statistical Analyses
For continuous and dichotomous variables, baseline demographic, socioeconomic, and laboratory factors are described as mean 8 standard deviation (SD) and frequency distributions, respectively.
For each SF-36 subscale MH score, the mean differences between late and early referrals were estimated using analysis of covariance. In this model, adjustment factors included sex, age, duration of dialysis, and diabetes. Estimated mean MH scores were calculated according to late and early referral categories. Using the models described above, we then analyzed patient subgroups based on respective dialysis durations, namely 0-6, 6-12, 12-18, and 18-24 months, as well as age, namely less and more than 65 years. The analysis of covariance was used to estimate the mean differences in MH score variation at one and two years from baseline.
A p ! 0.05 was considered significant. All analyses were performed using STATA/SE, version 9 for Windows (STATA Corp LP., Tex., USA). Figure 1 shows a flow diagram of the patients. Of the 2,770 patients participating in DOPPS I, 880 patients met the criteria for study inclusion, with a questionnaire response rate of 62.7% (552/880 subjects). Table 1 shows the descriptive statistics used for variable analysis according to respondent, and shows that non-respondents were older and more unemployed, showed more comorbidities, as well as lower albumin, hemoglobin and creatinine levels, and MH score. Table 2 shows the descriptive statistics used for variable analysis according to late and early referrals, with a prevalence of late referral of 34.2% (189/552). Significant differ-
Results
Study Population
Prevalence of Late Referral
Not meeting inclusion criteria n = 1,890
Meeting inclusion criteria n = 880
Non-respondents n = 328
Analyzed n = 552 Results are means 8 SD or numbers, with percentages in parentheses. ences were observed between the groups for a number of cormobidities, including diabetes, gastrointestinal bleeding, vascular access before dialysis, and albumin levels.
Late Referral and MH Score
Analysis revealed an estimated mean MH score of 60.7 (95% confidence interval (CI) 57.5-63.8) and 65.6 (95% CI 63.2-68.1) for late and early referrals, respectively. Further, a statistically significant difference in mean MH scores of 4.9 was observed between these groups (p = 0.01) ( table 3 ).
Late Referral and MH Score According to Dialysis Duration
Analysis of the four subgroups based on dialysis duration (0-6, 6-12, 12-18, and 18-24 months) revealed a significantly lower mean MH score in late than early referrals from the 6-12 and 12-18 months groups ( Compared to baseline, the MH score 12 months after dialysis initiation decreased by 6.1 and 3.0 in the late and early referral groups, respectively ( table 4 ). 
Discussion
Late Referral and Lower MH
The present study shows that patients referred early to a nephrologist had a significantly improved MH score compared to those referred at a later time. Although the number of cases was small, we conducted additional analyses with adjustment for neurological disease or psychiatric disorders, but the results did not differ from those of the original model without adjustment (data not shown). This finding suggests that early referral to a nephrologist was associated with improved MH when measured within the first 2 years of dialysis initiation in a populationbased study of chronic hemodialysis patients. Selection bias concerns were minimized due to the populationbased nature of the study, and results are consistent with previous studies reporting an association between late referral and lower MH score and QoL [19, 20, 24] .
Effect of Dialysis Duration
We also evaluated MH score differences between the early and late referral group according to dialysis duration. In the subgroup analysis by duration, a significant difference in mean MH score was observed between early and late referral in the middle dialysis duration (6-12 and 12-18 months) groups but not in the short (0-6 months) or long duration (18-24 months) groups ( table 3 ). This lack of significant difference between early and late referral in the short dialysis duration group may have reflected the improved physical function during the course of dialysis in both groups. Previous studies have also suggested no statistical difference in emotional wellbeing between early and late referral on measurement within 6 months of the initiation of dialysis [20] , a suggestion consistent with the findings in our study.
Furthermore, our finding that MH score did not differ between early and late referral in the long dialysis duration group (18-24 months) suggested that early referral to a nephrologist is not associated with improvement in MH score. Previous studies investigated only the short-term effects of early referral on patient QoL, namely less than 3 months from dialysis initiation [19, 20] . Further study is required to clarify the long-term effects of late referral on patients' MH score.
Late Referral and Lower Physical Condition
In our study, MH score was significantly different between the early and late referral groups overall and in the 6-12 and 12-18 month dialysis duration groups. We speculate that patients referred early in the course of their renal disease have a higher chance of receiving medical treatment which may possibly delay or halt the progression of the condition and any associated cardiovascular, metabolic and bone disease [7] . In contrast, patients referred at a later time have more comorbidities and lower albumin levels than those referred early ( table 2 ). Further, the percentage of patients with vascular access before dialysis was statistically higher in the early than late referral group ( table 2 ) . Although causality cannot be determined due to the cross-sectional nature of the study, early referral to the nephrologist may possibly prevent progression of comorbidities, resulting in a higher MH score. However, patients' early referral to a nephrologist may have been given in an attempt to allow better healthcare access in general, rather than to specifically provide subspecialist care [25] . Indeed, a previous study suggested that late referral to a nephrologist does not necessarily reflect overall poor healthcare access or utilization but, rather, a specific and substantial contribution is likely made by nephrologists during preparation for dialysis [25] .
Early Referral and Preparation before Dialysis Initiation
Studies report that early referral facilitates adequate physical, social, and psychological preparation for renal replacement therapy (dialysis or transplantation) [7] . For patients referred late in the course of their renal disease, opportunities for proactive intervention, as well as adequate [14] . Early referral to a nephrologist may prepare the patient for these sources of stress, which is possibly associated with MH score improvement. The present study also indicates that the number of patients in employment ( ! 60 years) is higher in the early than late referral group ( table 2 ) . In addition, in the subgroup analysis, a statistically significant difference in mean MH score between early and late referrals was observed in the ! 65-year-old patient group but not in the 6 65-year-old patient group ( table 3 ) . Although causality cannot be determined due to the cross-sectional nature of the study, early referral to the nephrologist may possibly give more time to patients to prepare for dialysis, resulting in a higher MH score.
Clinical Impact A statistically significant difference in mean MH score of 9.7 (effect size 0.39) and 9.3 (effect size 0.4) was observed in the 6-12 and 12-18 months subgroups, respectively. It is generally considered that small differences in health-related QoL may be statistically significant yet clinically unimportant [26] . The concept of the minimal clinically important difference has been proposed to refer to the smallest difference in a score that is considered to be worthwhile or important [26] . Conventionally, a 5-10% change in health outcome is considered clinically significant [26] , which suggests that in the present study, the 9.7-and 9.3-point rise in the MH score, calculated on a 0 to 100 scale, should be considered of clinical importance.
Limitation
The results in the present study show a few limitations which should be cautiously considered. First, selection bias and respondent bias may have been introduced in the study. As our analysis of referral started at the time of dialysis commencement, people who died with CKD prior to reaching dialysis were excluded. The response rate was 62.7%, with higher percentages of comorbidities in nonrespondents than respondents, as shown in table 1 . The MH score may therefore be biased towards higher scores in the case of a tendency of patients with a deteriorated physical condition to be non-respondents. Further, study results may be overestimated in the case of patients with a deteriorated physical condition tending to be late referrals. However, no significant percentage difference in patients with vascular access before dialysis was observed between respondents and non-respondents, indicating that bias possibly tended towards null and that the true benefit of being referred early may actually be larger than observed.
Second, information bias may have been introduced in the study. Although the present study could not guarantee a timely early referral for patients before the start of dialysis, we consider the timing of early referral as adequate. In addition, results may have been an overestimation of the benefits of early referral due to information bias. However, a significant difference in physical function between patients in the early and late referral groups was observed, with the early referral group showing superior function, therefore confirming timely early referral.
The present Japanese population-based research shows that 34.2% of dialysis patients were referred late to a nephrologist, namely less than 4 months before dialysis initiation. Reports estimate that 10.5% to 83% of patients starting dialysis are late referrals [4, 27] . The variation in reported prevalence rates is possibly due to sampling bias and a lack of universally accepted definition for late referral of CKD patients.
We defined late referrals as patients referred to a nephrologist within 4 months before dialysis initiation. Although numerous studies have used a cut-off period of 3 or 4 months to examine the effects of late referral, the adequacy of this method remains unclear [28, 29] . Since we defined late referral as less than 4 months prior to dialysis initiation, this does not account for the fact that different individuals may process at different rates, and thus the results may have overestimated the benefits. Incidence rates for late referral ( ! 4 months) were previously reported to range from 31% to 52% [27] , which is consistent with the present study. Late referral, however, occurs frequently, showed no improvement in the past decades [27] , and poses a substantial public health problem.
Third, the reliability and validity of late referral measurements should be considered. The present study defined late referral based on patients reporting the frequency and timing of visits to a nephrologist before dialysis. However, a few inconsistent answers on frequency and timing were recorded; for example, although a few answers for frequency were 0, timing was answered differently. Given that these inconsistencies affect the reliability of results, patients with inconsistent answers for frequency and timing of 0 and 4 months, respectively, were considered as late referrals. 
Conclusion
The present population-based study shows an association between early referral and higher MH score, which suggests that early referral before dialysis initiation improves MH score. These observations suggest that early referral to the nephrologist before dialysis initiation is a modifiable factor which potentially improves the clinically important post-dialysis MH score.
The present findings should be confirmed using a larger sample size as well as a prospective cohort with objective verification of the test hypothesis. Further study is required to assess effective methods in improving pre-dialysis care and the construction of a strong network between primary care physicians and nephrologists.
